PHY 712 Electrodynamics
11-11:50 AM MWF Olin 107
Plan for Lecture 34:
Read material from Chap. 15

1. Radiation due collisions of
charged particles

2. Braking radiation —
“Bremsstrahlung”
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[ [03-18(Mon)

|APS Meeting

\(no class)

i Exam

| [03-20(Wed)  [APS Meeting [(no class) | Exam
[ [03-22(Fri) |APS Meeting  |(no class) | Exam
25[03-25(Mon)  [Chap. 11 |Lorentz transformations | #17
26[03-27(Wed)  [Chap. 11 Transformations between electromagnetic fields | #18
27[03-28(Thur)  [Chap. 11 |Liénard-Wiechert potentials revisited |

[ [03-29(Fri) \Good Friday  |(no class) |
28[04-01(Mon)  [Chap. 14 IRadiation by accelerated charges | #19
[2_9I04-03(Wed) |Chap. 14 IRadiation by accelerated charges I #20
[30[04-05(Fri) IChap. 14 ISynchrotron radiation spectrum | #21
31[04-08(Mon)  [Chap. 14 ISynchrotron and other radiation sources | #22
32[04-10(Wed)  [Chap. 15 IRadiation due to collisions of charged particles |

33 [04-12(Fri) IChap. 15 IRadiation due to energy loss processes | #23
[ [04-15(Mon) | \(no class -- presentation preparation) |

[ [04-17(Wed) | \(no class -- presentation preparation) |

[ [04-19(Fri) | \(no class -- presentation preparation) |
[34[04-22(Mon)  [Chap. 15 IRadiation due to energy loss processes | #24
35[04-24(Wed)  [Review IRadiation from antennas | #25
Ig|04-26(Fri) |Review |Comprehensive review |

[ [04-29(Mon) | Student presentations | |
I_!05-01 (Wed) | IStudent presentations || [

[ [05-02(Thurs) | |Student presentations 1| |

[ [05-03(Fri) [Final exam Take-home exam available -- due 05/10/2013 |
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Signup for presentations:
Schedule for PHY712 presentations -- please enter your own name replacing
“presenter” and also list your presentation title replacing “title”. Of course, please do
not change other student entries without their permission.

Monday April 29, 2013

11:00 - 11:15 -- (presenter) (title)

11:15 - 11:30 -- (presenter) (title)

11:30 - 11:45 -- (presenter) (title)

Wednesday May 1, 2013

11:00 - 11:15 -- Katelyn Goetz Space Charge Limited Current Measurements
11:15 - 11:30 -- (presenter) (title)

11:30 - 11:45 -- Xiaohua Liu Electron paramagnetic resonance

Thursday May 2, 2013

9:00 - 9:15 -- (David Montgomery) (Auroras)
9:15-9:30 -- Ryan Godwin Drude Oscillator Model
9:30 - 9:45 -- David Harrison Charges on a sphere

9:45 - 10:00 -- (presenter) (title)



Radiation due to collisions of charged particles

% q
o~e—tr
Intensity:
2
d’l _ c]2 j‘dt eia)(t—f‘-Rq(t)/c) d f'X(f‘Xl})
dodQ)  4r’c dt| 1-r-p

Notethat Fx(Fxp)=(&, -p)e, +(&, B)E

For a collisionof duration 7 emitting radiation with polarization

¢ and frequency®w — 0:
1 _ g | [ Bed) B0
dodQ  4r’c| \1-¢-B(t+7) 1-1-P(¢)
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Radiation due to collisions -- continued
For a collisionof duration z emittingradiation with polarization

¢ and frequencyw — 0:

1 | Bere) ) j
dwdQ  4Ar’c| \1-¢-B(t+7) 1-7-PB(¢)
Non -relativistic limit

d’l g . 2

208 AB=B(r+7)-Blr)

Relativistic collision with small ‘AB‘ ;

d’1 _ q° 5. AB+f'><([3><AB) 2
dodQ  4r°c (1-£-B)




Radiation during collisions -- continued

Relativistic collision with small ‘Am ;

d’l _ q° . Aﬁ+f'><(|3><AB) 2
dodQ  4r’c (1-¢-B)

Assume for simplicity that AB is >y

perpendicular to r and S plane. AB

EXpI’CSSiOIB (averagingover @) for|| or | polarization :

d’1, (B-cosb) polarization in rand g
- ‘Am 4 plane

da)dQ 87z c (1- Scos6)

d’l, ] polarization perpendicular
= \AB\ > torand 8 pl

dadQ) 872 C ( —,80059) o rand g plane
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Radiation during collisions -- continued

Relativistic collisionat low @ and with small ‘AB‘
and AP perpendicular toplancof r and f,asa
functionof @ wherer - = fcosé --continued:

d’1 ? ?
dw dadQ) dwdCQ) | 37 c
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Estimation of AR

AB q

%
% m‘.
Momentumtransfer: ﬁ
Q= ‘p(t + T)—p(t)( X Q/MCZ‘AB‘

mass of particle

having charge q

QZ

a_2 ¢
dw 37 c

2 q2
3 M’

7 |AB =
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Estimation of AR -- for the case of Rutherford scattering

AB .

Ze

%
%

Assumethat target nucleus(charge Ze) has mass >>M;

Rutherfordscatteringcross-section:
do [ 2Zeq 2 1

dQ \ pv ) (2sin(0'/2))
Assumingelasticscattering:

Qf =(2p sin(&"/2222 =2p*(1-cosé')
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Case of Rutherford scattering -- continued

do [ 2Zeq 2 1
d_Q_[ pVv j (2sin(6'/2))*
d—J:Id¢' do dQ

dQ dQ dQ

0* =(2psin(6'/2)) =2p*(1-cos @)

2
= (Up to a factorof 2:) do _ 872[ Zeqj 13
dQ pe ) O
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Case of Rutherford scattering -- continued

Differential radiation cross section:

d’y dl do
dodQ ~ dw dO

|

2 q2

31 M’

_16(Ze)

04/22/2013

ol

Zeq

C

) 2
q 1
3 ¢ (Mczj ik

p
1
0
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Differential radiation cross section - - continued

Integrating over momentumtransfer

dr o Lz 160 (¢ V1[0,

do ; —dodQ 3 c Me) B\ 0.

Comment on frequency dependence --
Originalexpression for radiationintensity :

2 2 . A A A

d ] _ qz J'dt ela)(t—r-Rq(t)/c) d 1‘><(1:>< B)
dawdCQ) 4r-c dt| 1-r-P
In the previousderivations, we have assumed that
a)(t—f'-Rq(t)/c)<< 1.

ot R () of 13- Jarpe) =i -i-(9)




Differential radiation cross section - - continued

Radiation crosssectionin termsof momentumtransfer
dx IQ Py _16(zef (4 ) 1 (O
dwdQ 3 ¢ \ME) B O

Notethat: O =2p*(1-cos@) =0 . =2p
In general,Q

min

1s determinedby thecollision time

2Z
conditionwr <1 = Q i b

min 2

N
Radiation cross section for classicalnon - relativistic process

dy :16(Ze)2[ g jz 1 hl[/IM\Pj

do 3 ¢ \Mc*) B | Zeqw




http://hyperphysics.phy-astr.gsu.edu/hbase/qguantum/xtube.html

_ Heated filament Electrons are accelerated
X ray tu be emits electrons by by a high voltage.
thermionic emission
/_ ;

m—
Coppet rod for
heat dissipation

high speed electrons
hit the metal target.

)§ % x-rays produced when

K

(04

Characteristic
X-rays

no
T

X-rays from a
molybdenum
target at 35 kV

Relative intensity
A
e

—r
1

.02 .04 06 .08
Wavelength (nm)

http://hyperphysics.phy-astr.gsu.edu/hbase/qguantum/xrayc.htmi#c1
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Virtual “quanta” method; Weizsaker-Williams treatment

y
® -
—b
—— O — > X
q Vv
Electricand magneticfields at impact parameterb
{ )b
E()=q7— E,(t)=q
) R o
B()=a—

q (b2 +(Wt)2)3/2



Virtual “quanta” method; Weizsaker-Williams treatment

04/22/2013

y

A

®

———— O — > X
q Vv

Intensity of radiation at impact parameterb

< (ob)=(|E, a)b){ +|E (@) )

where E (0,b)=—— j dt e E (t,b)

N2 5,

Desiredintensity must be integrated over parameterb

5 2 2.2

dl ( 272-,“ bdbﬂ(a) b) 2q (Ej xKo(x)Kl(X)—v a

da) a) e \ v 2C
— a)bmin
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